The following paper contains the principal details and results of the work carried on, under the auspices of the Medical Commission for the Investigation of Acute Respiratory Diseases of the Department of Health of the City of New York, at the Bacteriological Laboratory of the College of Physicians and Surgeons, Columbia University.
In mapping out the bacteriological work of the Commission, it was deemed advisable to institute a central laboratory to which the cultures of pneumococci and allied organisms--particularly such cultures as seemed to show variations from the classic pneumococcus type--might be sent by the various workers for further study and identification. Such an arrangement, admitting of the study of the organisms under uniform cultural conditions and by one investigator or corps of investigators, would, it was hoped, not only prove a valuable biological study in itself, but possibly minimize errors of identification and thus increase the value of statistics ultimately to be based upon the findings in the series of cases investigated.
This work was undertaken by the writer, with the assistance of Dr. J. H. Borden and Dr. C. B. Knapp. The practical agglutination work was largely carried on by Dr. Borden, and the morphological and culture tests by Dr. Knapp. 547 
Gomparative Study of Pneurnococci and Allied Organisms
For the information of the various workers under the Commission, and to obtain uniformity in the scheme of investigation, a comparatively full summary of the characters of pneumococci and streptococci, and the chief points to be determined in their recognition and differentiation, as well as suggestions as to the best methods of isolating them in pure culture and preserving their vitality, was sent from the central laboratory to each independent worker. The workers were also furnished with blanks 1 : one for recording the data concerning individuals from whom cultures were taken, and the other for recording the morphological, staining, and chief cultural characters and pathogenic action of the organisms isolated.
These blanks were to be filled out and returned with the cultures, for the information of the workers of the central laboratory.2
Object o~ the Bacteriological Study Instituted by the Commission.
--As biological knowledge widens and new technical methods are discovered, confidence in identifications based on less complete studies and more primitive methods is necessarily shaken and statistics founded on these lose their value. It is only with a re-establishing of the identity of organisms in conformity with the new requirements, or by a determination of their dissimilarity, that the old statistics can again assume importance or may be definitely discarded.
This being the case, although much work had already been done by many investigators in connection with the bacterial flora of the normal mouth, and although no reasonable doubt existed as to the presence of the pneumococci in the mouths of a certain percentage of healthy individuals, still it was thought advisable to confirm, if possible, and, it might be, extend these statistics so far as practicable in the light of recent developments in our knowledge of the biology of pneumococci and streptococci, and to apply to the recognition and identification of these organisms the newer biological and technical methods. By such a study it seemed fair to suppose the true nature of the organisms from the mouths of healthy persons could be determined, and that their identity or non-identity with pneumococci derived from persons suffering from pneumonia and various pneumococcic infections could be definitely established.
Source o~ Cultures Examined.--The scope of the investigation
included not only the examination of cultures isolated from the saliva and naso-pharynx of presumably healthy individuals, but also of organisms obtained from individuals suffering from "colds," pharyngitis, and bronchitis.
Cultures isolated from the sputum of pneumonia patients, or from their lungs at autopsy, as well as cultures from more truly oratory. No systematic reports have been sent by the central laboratory to those sending cultures, and their reports have not therefore been influenced by the work of the central laboratory. Such a plan has the advantage of showing the percentage of discrepancy between the identifications of the same organisms by different workers, and the disadvantage, in connection with the present series of independent papers, in the interpretation of statistics based upon the findings.
internal sources, such as the circulating blood of pneumonia patients and other septic~emic cases, pleuritic exudates (empymma), the spinal fluid in cerebro-spinal meningitis, abscesses, otitis media, or joint infections, were also investigated, so as to afford an extensive basis of comparison, and to determine the variations in morphology and biological characters that might occur among organisms of the pneumococcus type, which were found associated with pathologic lesions and definite infections.
Plan of Biological Study.--In undertaking the investigation of such an extensive series of organisms, it was realized that only the most promising lines of study could be followed in extenso at the central laboratory, and that many suggested methods of differentiation, as well as a detailed study of pathogenicity and the pathogenic effects could not be profitably undertaken. It was hoped that these studies would be carried out in detail by the other workers under the Commission, and the value of such suggested differential methods and pathogenic characters as a means of classification be thus determined.
The work of this laboratory has been chiefly confined to the determination of morphological characters and staining reactions, and of the growth characters presented by the organism on or in the usual culture media, and their fermentative activities in the presence of various carbohydrates and especially of inulin.
The immunization of animals against different strains of organisms and the careful study of the agglutinating action of the sera of such animals on the various organisms were also given much attention, and some of the most valuable results reached have been arrived at through these studies in agglutination.
SPECIAL PART.
The great number of organisms studied--in all about 260--precludes a detailed description of any but those representing the most important types or variations from these types. The most important details from the standpoint of differentiation and classification, however, are given in outline in a table at the end of the report.
MORPHOLOGY.
The morphology, of the pneumococcus is in general--especially when repeated examinations are made--one of the most valuable guides to its identity.
When typical the pneumococcus is a rather large, lancetshaped coccus occurring in pairs and surrounded by a definite and often wide capsule, which usually includes the two approximated cocci without a definite indentation opposite their line of division. The pneumococci may, however, occur singly, or in short chains, and even fairly long chains are not infrequently met with under artificial culture conditions. These may be chiefly due to the cultural conditions or be a prominent characteristic of certain strains. Apparently tile capsules of organisms making up the chains are continuous; wavy indentations are usually present, however, in the capsule of chains, and at times distinct divisions are observed.
The chief variations from the typical morphology consist either in the assumption of a more distinctly spherical coccus type, or in an elongation approximating the bacillary form. Under certain conditions of artificial cultivation a distinct flattening of the organisms, particularly those making up chains, may be seen, and even the impression of the existence of a longitudinal line of division, characteristic of many streptococcus cultures, is not infrequently gained.
The capsules under certain conditions, especially in artificial media, may be absent or not demonstrable, and in certain strains capsules apparently may not be present under any conditions. It is readily seen, therefore, that when the capsule is absent and the pneumococcus has at the same time assumed the spherical or flattened streptococcus type, identification by morphological examination is not possible. Even if the capsules are still intact, a definite identification of such streptococcus-like forms is not permissible, since encapsulated streptococci are not infrequently met with, which by cultural, fermentation, and agglutination tests are definitely separable from pneumococci. 3
In the opinion of the writer (Hiss), no classification based solely on morphology and the presence or absence of capsules, or the finer morphological variations of capsule formation, is of value. Practically any of the described variations may dominate one and the same culture under different or even apparently the same conditions of cultivation, and all grades may occur in capsule development from its typical formation, through all variations, to its total and apparently permanent absence.
Streptococci, as has been noted, may show capsule formation. This usually occurs, so as to be demonstrable by current capsule staining methods, only under certain and not well understood conditions, and the organisms tend to lose this character much more readily under artificial conditions than do the pneumococci. While some strains retain their power of forming capsules through many generations, the majority, under ordinary, cultural conditions, usually have no demonstrable capsule.
Conditions Favoring Capsule Development and Demonstration.
• --The most favorable conditions known for the development of the pneumococcus capsules" are found in the body fluids of man and animals suffering from pneumococcus infection. For instance, capsules may be demonstrated with ease by the usual methods in the blood, serum, and inflammatory exudates of the infected rabbit and white mouse, which are among test animals the most favorable for these experiments. Capsules may be equally well-marked in the fresh sputum of pneumonia patients, especially in the early stages of the disease, and in the exudates accompanying such pneumococcus infections as meningitis, otitis media, and empyeema. In sputum and the exudates of the various localized infections, the organisms are, however, frequently degenerated or under chemical conditions unfavorable for capsule staining, and satisfactory results are not then easily to be obtained. The same is true of the scrapings from lungs of patients dead of pneumonia, often even in the state of red hepatization.
In artificial cultivation, if the nutrient medium is not milk or does not contain serum (serum, serum-agar, Loeffler's coagulated blood-serum), capsules, by the ordinary methods of preparing and staining, are not usually to be demonstrated.
Capsules may, however, with much regularity be demonstrated on pneumocoeci from agar, broth, or almost if not all artificial media, irrespective of the length of time the organisms have been under artificial cultivation, if beef or rabbit serum is used as the diluent when they are spread on the cover-glass for staining. The copper sulphate or potassium carbonate method will then stain them readily.
Capsules are usually not so readily demonstrated on streptococci, no matter what their source, and with no regularity, as compared with pneumococci. They may, however, often be demonstrated by the use of the potassium carbonate method, when the organisms have been grown in sugar-serum media or on ascitic-agar and then smeared on the cover-glass with serum. In some cultures the capsules are quite as sharp and well-defined as those of pneumococei, in others they are less well-marked, and in some appear as if in a semi-solid state and on the point of dissolving. Whether the capsules noticed on certain streptococci are of the same nature as that of the pneumococcus is at present open to doubt.
GENERAL CULTURAL CHARACTERS.
The growth characters on the usual culture media, as was to be supposed from our own previou.s work and the publications of other investigators, have afforded no practical basis for the differentiation of pneumoeoeei from various simulating organisms and from streptococci. Routine tests were, however, made in neutral infusion-broth and gelatin, and on neutral infusion-agar and Loeffler's coagulated blood-serum, and in litmus milk. With the exception of gelatin and Loeffler's serum, no constant characters of diagnostic and differential wol%h were developed. On Loeffler's coagulated blood-serum the pneumococcus usually develops into moist, rather watery discrete colonies which tend to disappear after some days, while the streptococcus colonies, though also discrete, are usually drier and slightly whiter in appearance than those of the pneumocoecus. The colonies of these two organisms, however, often so closely simulate each other that they cannot definitely be distinguished. The Loeffier serum has, however, been of value in aiding in the separation of the so-called Streptococcus mucosus from pneumococci. Streptococcus mucosus grows on this medium in a definite, smooth, watery layer, with fairly even edges, while the pneumococcus, as above noted, usually occurs in discrete watery colonies; and even when these colonies coalesce, there is not the same smoothness to the surface and edges of the growth as is shown by that of Streptococcus mucosus.
Gelatin has been useful in determining the limit of low-temperature growth of the cultures, and in identifying Streptococcus mucosus cultures.
Many cultures of pneumococci will not develop in gelatin at temperatures lower than 22 ° C. Others, however, even when freshly isolated, will grow fairly abundantly in gelatin at this temperature. This is true not only of typical organisms from pneumonic sputum and other pathologic sources, but equally so of organisms from the mouths of healthy persons, so that in these peculiarities of growth or non-growth at 2:2 ° C. or below, the mouth organisms have been found to agree, and in about the same proportion, with pneumococci from pathologic sources.
Streptococci and other organisms from the mouth, which are, so far as determinable at present, not pneumococci, usually grow readily and abundantly in gelatin at 2:2 ° C. or below. As their growth is generally closely similar to that of the pneumococcus in gelatin, this test is of little value in differential diagnosis. In the case, however, of Streptococcus mucosus the growth along the puncture in neutral infusion-gelatin, after some days' development at ordinary room temperatures, is readily to be distingnished from that of the pneumococcus and Streptococcus pyogenes. Instead of being a growth made up of fine discrete colonies representing the original line of inoculation, as in the case of pneumococci and of streptococci of various descriptions, the growth of Streptococcus mucosus, especially in the deeper portions, where it seems to develop most abundantly and characteristically, is made up of larger globe-like colonies, which give one the impression that slight fluidification of the gelatin has taken place. This appearance is probably due to the large amount of capsular substance developed by this organism and is one of its most constant and distinctive characteristics. Cultures of this organism obtained by us from various sources, in the early days of our work, have continued to display this character and their typical growth on Loeffler's or other serum media, without the least noticeable change. This indicates that, no matter what the evolution and relationships of this organism may have been or are, the characters now distinguishing it from pneumococci are certainly in most instances of a markedly constant character, and that it is not apt rapidly to assume the characters of typical pneumococci on the one hand, or streptococci on the other. Observations indicating such a change may possibly be based on a mistake in primarily identifying a more or less confluent Loeffler's serum growth of a true pneumococcus with that of Streptococcus mucosus.
lCERMENTATION TESTS--ACID PRODUCTION.
When we turn from the cultural characters as developed on and in the usual culture media--which are of so little aid in differentiating pneumococci from streptococci--to certain of the physiologic processes of these organisms, as indicated by their action on carbohydrates, the field of investigation is widened and decidedly more promising. In a series of investigations carried on by one of us (i)some four years ago, but only recently published in detail, it was shown that pneumococci have marked fermentative abilities, and that these are of wider scope than those possessed by the typical Streptococcus pyogenes and probably many other unclassified streptococci.
Pneumococci, it was shown, produced acid with ease from monosaccharids, disaccharids, and such complex saccharids as dextrin, glycogen, starch, and inulin. Streptococci, on the other hand, as represented by various supposed strains of the pyogenes type, although producing acid with much regularity from some of these carbohydrates, usually did not have the ability to ferment starch and glycogen with the same regularity and ease as the pneumococci, and never, so far as the observations on about fifty cultures indicated, were able to produce acid from inulin. Inulin fermentation was therefore looked upon as a definite character of pneumococci, and probably as a valuable aid in differentiating atypical pneumococci from the non-inulinfermenting Streptococcus pyogenes. Whether other species of streptococci or other lancet-shaped organisms simulating pneumococci possessed such an inulin-fermenting ability was not at that time determined.
The medium used as a basis for these fermentation tests was serum-water, composed of beef-serum one part and distilled water two or three parts, to which one per cent. of a five per cent. solution of highly purified litmus was added. The medium was then heated to :oo ° C. for a few moments and the various carbohydrates added in the proportion of one per cent., after which it was sterilized in the regular manner on three consecutive days.
In the present investigation, this same medium has been used as the nutrient base in the fermentation tests, which have included a study of all the organisms in dextrose, lactose, maltose, saccharose, raffinose, dextrin, glycogen, and inulin, as well as the alcohols mannit and dulcit.
A careful testing of the organisms sent to us by the various workers, as well as those isolated by ourselves during this work, has again demonstrated the inulin-fermenting power of pneumococci, and the value of this simple test in separating them from typical pyogenic streptococci as well as from various definitely encapsulated cocci which closely simulate the true pneumococcus.
On the other hand, certain inulin-fermenting organisms have come to hand which we have not so far been able satisfactorily to identify either as pneumococci or streptococci of the pyogenes type. Some of these are definitely neither pneumococci nor streptococci of well-marked type, while others have a definite pneumococcus morphology but no capsule, or are typically streptococci, the members of the latter being in general spherical and often occurring in long chains. These organisms for the most part lack capsules or only possess poorly developed ones. It is worthy of note that most of these atypical organisms were isolated either from the circulating blood of patients, or from some other internal source, or in many cases from pneumonic or other lungs at autopsy. The question of their probable identity will be considered more in detail in connection with the results obtained by agglutination tests in immune sera.
The chief point brought out by these fermentations, so far as its bearing on the immediate problem before the Commission is concerned, is that organisms morphologically of the pneumocootie type from the mouths of healthy individuals correspond absolutely in their fermentative characters with typical pneumococci from other sources, and thus a definite link is added to the chain of their connection with true pneumococci.
In studying organisms of the same or closely similar morphology, particularly such organisms as cannot be separated from each other by morphological or cultural characters of diagnostic value, two methods of great value have been developed during late years--fermentation tests, and the test for agglutination in immune sera. By these two methods differences in organisms have been discerned that were hardly suspected, or only guessed at by earlier investigators. In using such methods, however, which deal with the truly physiologic activities of organisms, care and patience must be expended upon prolonged observations and repeated tests. Due regard must be paid to the fact that transient and, it may be, permanent modifications may occur in the physiologic functions of organisms by exposure to unusual or adverse environment, and observations, therefore, based on short or superficial studies or tests of such organisms may be misleading. These changes are usually to be noted in the suppression or weakening of functions, upon which fermentations, agglutinations, and pathogenicity depend, and hardly extend to the acquisition of totally new functions, which probably are the product of a much more gradual and prolonged process of evolution and adaptation. These facts are well-known, but attention is called to them here in connection with the interpretation of fermentation and aggkttination results which, unless considered from this broad standpoint, are often confusing or lead to false conclusions. As an example, we may use the variations in the rate of fermentation of inulin by various cultures of pneumococci. A culture in full possession of this faculty may produce marked acid within from eighteen to twenty hours, while another culture, if tested only over five or six days, might be thought not to ferment inulin; after a longer time, or in repeated tests, however, this function will, so far as our experience goes, eventually reveal itself. Variations in the rate of fermentation are often marked in the same culture, differences of days in the time required for comolete fermentation often being noted.
In the absence of all iniormatlon as to the reaction of organisms in specific immune sera, fermentations seem, therefore, the safest guide, other things being equal, to the identification of organisms. Where fermentations have been carefully studied and the identity of organisms thus determined, one can usually predict with much certainty what the results of tests in immune sera will be. However, it must be remembered that variations in agglutinative functions also occur and may be fairly permanent, thus leading to false conclusions, unless, on the other hand, due regard be pai d to the other biological characters as means of identification, and to the source of the culture. Changes in the limit of agglutination of undoubtedly the same species or even the same culture, after exposure to certain environments, are well known to those familiar with typhoid agglutinations, and in considering, in the following section, some of our agglutination results, the same phenomenon will be noticed to occur among the pneumococci.
In undertaking the systematic comparative study of the agglutinations of pneumococci and allied organisms from various sources, the workers under the Commission had to enter a practically uncultivated field of research. No guiding statistics of value existed and the technical procedures, at least those available for such an extensive study, had not been worked out. The same statement is equally true of streptococcus agglutinations and agglutination technique. Agglutination tests with both pneumococci and streptococci, where the usual broth cultures (either with or without sugar added) or emulsions from agar had been employed, had in the experience of most workers been found not only technically unsatisfactory, .but had given varying and often contradictory, results.
After a few trials of the older methods it was obvious, therefore, if advances were to be made in our knowledge of the agglutinations of these organisms, that a new as well as a simple and easily handled technique had, if possible, to be devised.
The first problem was to get the organisms in a proper and dense enough emulsion for observation of agglutination, and the second to obtain them in the biological state in which they would respond definitely and with regularity to the action of the agglutinins, for with the old procedures, as stated, only irregular and unsatisfactory agglutinations had been obtained. The only teclainque already in use which in any degree conformed to these conditions was that recommended by Wadsworth. 6 This is valuable and reliable, but when a long series of organisms, as in this comparative study, have to be tested against the same or various sera, almost a prohibitive amount of time and energy must be consumed, when following this technique, in centrifugating and preparing the organisms for the tests.
A method which met the requirements was finally worked out by us. For purposes of reference it is given here in the words of the original paper which has but recently been published (2) : "The method gives results and appearances which are entirely comparable to those familiar in typhoid, dysentery, and various other agglutinations, and is simple and particularly available for the study of pneumoeocci and streptococci and other organisms which ferment carbohydrates, but which thrive poorly or die out rapidly in the usual media. The streptococci often, as is well known, grow in broth, either with or without sugar, in flocculi or thickly matted masses entirely useless for agglutination purposes. By the proposed method usually a fair and often a good and satisfactory emulsion may be obtained, from which agglutinative limits may easily be determined.
"The medium used should be a one-or two-per-cent, peptone broth made from meat infusion, which has been brought to neutrality before boiling and coagulation. After filtration for clearing, one per cent. of dextrose (or other sugar fermentable by the given organism) and one per cent. of calcium carbonate are added. If the medium be acid, the latter salt will of course bring it to neutral. The calcium carbonate may then be well distributed throughout the broth by shaking and the emulsion rapidly decanted into tubes or preferably small Erlenmeyer or Florence flasks, say ioo cubic centimeters to I5o cubic centimeters in each. These are sterilized on three consecutive days at ~oo ° C. in the usual manner. The flasks after inoculation are placed at 37°C. and are thoroughly shaken once or twice a day to neutralize the acid formed and to break up the chains and masses in the case of streptococci. The growth may be sufficient for purposes of agglutination in two days or even in one day, but as a routine up to the present time we have employed a three or four days' growth, which seems to give more uniform results and more marked agglutination., "About an hour before using for agglutination tests the culture should be thoroughly shaken and the calcium carbonate and larger clumps, if present, allowed to settle during this time. The sample to be tested should then be taken from the upper portion of the fluid; or the cultures, after shaking, may be centrifugated for a few minutes. This centrifugalization, however, is not necessary if one remembers that a slight primary deposit may occur which is not due to agglutination.
"Routine agglutination tests are made by adding one cubic centimeter of the serum dilution to one cubic centimeter of the emulsion in small test-tubes. The tubes are placed at 37 ° C. for two or three hours--after which time the agglutinations are often practically complete--and then transferred to the ice-box to prevent growth taking place and permit of the further deposition of the clumps of agglutinated organisms, and the final control reading made after eighteen to twenty-four hours.
"Spontaneously agglutinating cultures, of course, are met with among the pneumococci, and are frequent with streptococci, but even with these the limits of agglutination can be determined with much certainty if careful comparison with the control is made."
In the course of our work many hundreds of serial tests have been made by this method, and it has proved of great value not only in the ease of application but in the comparative uniformity of results given by it. Readings up to eight hundred and over are not rare in the sera of rabbits immunized to pneumococci, and the serum of streptococcus immune rabbits has in some instances agglutinated the homologous streptococcus cultures in dilutions over 6400. Reported agglutinations of pneumococci made by the usual method rarely indicate an agglutinating power of the sera over zoo, and such readings are obtained with no uniformity. Our success in getting such high agglutinations has probably not only been due to our method of making the test, but in part, at least, to the use for inoculation of the animals of mass cultures obtained by growing the organism for this purpose in the calcium-carbonate-glucose broth. Our animals, although usually very gradually immunized at first, eventually received large doses of these growths intravenously, and for the most part survived them and remained in good condition. Rabbits, however, immunized against Streptococcus mucosus in several instances became much emaciated and eventually died.
A series of animals was immunized with pneumoeocci from pneumonic sputum, and from the mouths of healthy individuals, also with Streptococcus pyogenes, Streptococcus mucosus, and various other organisms of peculiar types. The sera obtained from these animals and from normal rabbits afforded the basis for an extended study of the agglutination reactions of the various cultures.
All the organisms of our series have been tested against the immune pneumococcus sera, and their agglutinations controlled by tests in normal rabbit serum and normal salt solution, and a careful comparison made with the results given by the homologous immunizing cultures. 8
Pneumoeocci as a rule, no matter what their source, do not agglutinate in high dilutions of normal rabbit serum, rarely over i:io to z:2o, nor have they been found to agglutinate to any marked extent in streptococcus immune serum or, with the exception of Streptococcus mucosus serum, in the immune serum obtained by inoculation with other organisms of various types.
Nearly without exception, however, organisms previously recognized by morphological, staining, and fermentation tests as distinctly of the pneumococcus type, have been found to agglutinate in pneumococcus immune serum, and the results obtained, taking the series of these organisms as a whole, have shown remarkable uniformity in degree of agglutination and a close approximation to that given by the homologous organism. This is true not only of pneumococci from recognized pathologic sources, such as pneumonic sputmn, etc., but of the organisms of pneumococcic type from the mouths of supposedly healthy persons. The same results are obtained in the sera of animals immunized against these latter as in the sera of those immunized against pneumococci from pathologic sources. In other words, the agglutination tests have fully confirmed the complete identity, which was presaged by the fermentation tests, of organisms of pneumococcic type, from the mouths of healthy individuals, with those from pathologic sources. Further than this, these tests have also reinforced the evidence given by fermentation tests, namely, that there are distinct]y encapsulated, Grampositive organisms which may be met with and which simulate pneumococci too closely for morphological separation, but which are, nevertheless, according to agglutination and fermentation tests, separate and distinct from pneumococci. These remarks do not apply to Streptococcus mucosus, which is peculiar in its agglutination reactions, showing only moderate agglutination in the sera of animals, which according to all standards are highly immunized against it. Agglutinations of I : 20 to i : 5 ° generally abruptly mark the limit. In pneumococcus immune serum it shows little or no agglutination. On the other hand, pneumococci agglutinate in mucosus immune serum in very high dilutions. From this fact and the fact that the fermentations caused by these two organisms are, so far as we know, coextensive, we have been practically forced to the conclusion that Streptococcus mucosus is not a distinct species, but a variety of pneumococcus, which is, however, very firmly established in the possession of certain morphological peculiarities, especially as relates to the abundant production of mucinous or capsular material. Its peculiarities in agglutination, or rather non-agglutination, may be, we have thought, closely connected with the over-production of this special mucous or mucinous material and its solution in the culture fluids--in other words, that this material may have a combining or inhibitive action on the agglutinins. In cultures centrifugated and washed in salt solution we have, however, failed to increase markedly its agglutination, though some slight increase did take place. What the explanation is we at present do not know, but the fact that pneumococci agglutinate to such a marked degree in Streptococcus mucosus immune serum argues a close relationship between the two. 
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oo-8o~ Before leaving the subject of the agglutination of pneumococci, which are typical morphologically as well as in their fermentation reaction, it must be noted that certain of them when compared with the homologous organisms in hnmune serum show a very low grade of agglutination. A glance at the full table at the end of the report will show that such organisms are usually not from the normal mouth or from pneumonic sputum, but from some more internal source, such as the blood, or some chronic and deep-seated lesion, or lungs at autopsy. These results are in line with those found in the case of typhoid bacilli from the circulation and from more chronic lesions, as well as those grown artificially in immune serum, and are probably an illustration of the modification of function by environment.
Of the organisms examined by us which do not ferment inulin and which are of typical streptococcus morphology, or even of diplococcus type and slightly lancet-shaped but non-capsulated, little need be said here. The results of their agglutination tests will be found in the appended table. It is simply worthy of note that some streptococci show marked agglutination in normal rabbit serum and naturally, therefore, also in anti-pneumococcic serum, and that unless controls be made false conclusions might be drawn from this. In their homologous sera they may agglutinate in high dilutions. Another point made clear is that various streptococci of the same morphological and possibly even the same fermentative and cultural characters do not, with anything like the uniformity displayed by pneumococcus cultures, agglutinate in a given streptococcus serum. This indicates the possibility of a future satisfactory classification on this basis.
The other organisms of the series, which have not as yet been mentioned but which deserve especial attention, are inulinfermenters of pneumococcus morphology but without capsules, other lancet organisms not so definitely of the pneumococcus type, and organisms apparently of definite streptococcus morphology, all of which ferment inulin.
Some of the first variety, if not all, are undoubtedly pneumococci, and agglutinate in pneumococeus immune serum, though usually not in high dilutions, and there seems no reason for placing them in a separate class.
Other inulin fermenters, which are small organisms, at times showing lancet morphology, but which are usually non-capsulated, and vary in some of the less important features in artificial media, it is difficult to classify, as they show little or no agglutination in pneumococcus serum. Whether they are modified pneumococci or should be placed in. a distinct class, our studies at the present writing have failed to determine. Their agglutinations are recorded in the table. Apparently all of them are not of the same type. If the requisite time had been at our disposal, a special study of the pathogenic effects of these organisms on the one hand, and on the other of the modifying influence on the organisms themselves of a residence in the animal body, would have been undertaken.
Our attention has, however, been especially directed to certain non-capsulated, inulin-fermenting cultures kindly sent to us by Dr. Charles Norris and Dr. Leo Buerger. Two of the cultures from Dr. Norris show variations from the classic pneumococcus type. One of these, known by us as "Nor. I99," only varies from this type in not possessing a capsule. Its morphology otherwise is typical, and its growth in rabbit blood-agar cultivations corresponds absolutely to the growth given by the vast majority of pneumococci in this medium. It agglutinates to some extent in pneumococcus immune serum and is probably a true pneumococcus.
The other culture, "Nor. io2," has no capsules and shows a less typical lancet morphology. Its growth in blood-agar plates is not that of the most diagnostic type, but corresponds to a type seen, nevertheless, among certain otherwise perfectly typical pneumococci. No agglutination in pneumococcus serum has been shown. The weight of evidence is, however, in favor of its being a temporarily or permanently modified pneumococcus.
Dr. Buerger's culture, known as "Streptococcus No. 7," ferments inulin. Its morphology is in general of streptococcus type, but lancet forms at times may predominate. Very narrow capsules have been observed by me on some cultivations of this organism. This organism does not agglutinate to an appreciable degree, according to our macroscopic tube agglutinations, in anti-pneumoeoccus sera, but gives high agglutination in its homologous serum. Some cultures of pneumococci agglutinate in this serum even in high dilutions. In blood-agar plates the colonies appear brown or dark-green surrounded by an opaque area--the whole plate assuming a distinct greenish tinge, which is more marked, if anything, than the tinge occurring in most pneumococcus plates.
The organism is definitely not a streptococcus of the pyogenes type, and probably not a true streptococcus, unless it is of the type described by Sehottmflller as Streptococcus mitior viridans. Not having had the opportunity of examining Schottmflller's original cultures, it is, of course, not known to us whether they ferment inulin or are non-inulin fermenters of streptococcus type, such as have been met with in our present studies, and which also produce a greenish color but no clear lysis in bloodagar plates. The true status of this Buerger streptococcus (?) we have, therefore, up to the present been unable satisfactorily to determine, though it may be an atypical pneumococcus.
GROWTH CHARACTERS IN BLOOD-AGAR.
Schottmflller (3) in 19o 3 and, independently of him, Rosenow (4) in 19o4 called attention to certain reactions caused by pneumoeocci and streptococci when growing in agar with which human or animal blood had been mixed.
Sehottmflller stated that pneumococcus colonies developing in this medium usually became of a greenish tinge, and were surrounded by a zone of opacity of a greenish color. Streptococci of the erysipelatos type did not assume a dark or greenish tinge, and were surrounded by a distinct clear zone due to complete lysis of the red corpuscles and change of the haemoglobin. Rosenow's observations confirmed these.
Schottmiiller further described a form of streptococcus which he designated Streptococcus mitior viridans. This was less virulent than the other type and was said to be usually associated with rather chronic lesions and septic~emias. It was described as of streptococcus morphology and non-capsulated. In blood-agar plates it simulated the pneumococcus, but the greenish tinge was less intense. Little or no hsemolysis occurred. What the true nature of these organisms is, is in doubt, as nothing is known of their fermentations and agglutinations.
In our series of organisms we have found the action of pneumococci, as a rule, to conform to Schottmflller's description, but usually with a deep-brown or reddish tinge to the colonies rather than a definite green, the opaque area of partial hscmolysis (and precipitation (?)), but not clearing, and of yellowish or greenish tinge being present.
Some organisms of our series of true non-inulindermenting streptococcus type conformed to his description of Streptococcus erysipelatos with the clear zone surrounding their colonies and no greenish tinge. Other non-inulin-fermenting organisms of general streptococcus type, some capsulated (see P. and S., No. 8) and some not capsulated, gave the typical pneumococcus or Streptococcus mitior pictures, which are really not to be distinguished from each other.
Our unclassified inulin-fermenting organisms either produced no lysis or change in color of the medium, or gave rise to appearances closely suggesting or absolutely corresponding to those given by pneumococci.
Whether this can be depended upon as indicating their pneumococcus nature, one would hesitate to say in face of the fact that so many non-inulin-fermenting, non-agglutinating, and definitely not pneumococcus cultures also give rise to these appearances.
In streak cultures on slanted rabbit-blood-agar in tubes, 9 the writer, in making a comparative observation on about two hun-9 This medium is made by bleeding a rabbit from the carotid artery, through a sterile eallula and rubber tube, directly into tubes of fluid sterile agar (kept at from 45 ° to 5o ° C.). About one-half to one cubic centimeter of blood should be added to each tube.
The blood must be mixed immediately with the agar (to prevent clotting), and the tubes slanted and allowed to harden. dred pneumococci, streptococci, and miscellaneous unidentified organisms, noted certain appearances which, when prominent, seemed to be practically diagnostic of the pneumococeus cultures.
Streak cultures of pneumococci on mixed blood-agar grow at first with the usual characters seen on serum media. The growth, however, appears usually of a rather dirty yellowish tinge, and the blood-agar in immediate contact with the growth and at times for some distance from it takes on a yellowish rather opaque look, due to decolorization and probably to a slight precipitation from acid formation. The variations met with are usually in the direction of a less typical growth layer, combined with more decolorization and h~emolysis, though the medium remains opaque.
During the first few days of growth neither of these appearances is characteristic When, however, the tubes have remained in the incubator some days, the majority of the pneumococcus cultures take on a distinctly characteristic appearance. Most of the growth disappears, leaving the general decolorized dirtyyellowish area, while definite raised colony-like nodular masses remain, which usually are of a brownish-black or dark-red color, as K the masses had become distinctly stained with the blood pigments. One gets the impression of a blistered painted surface. None of the streptococci or other organisms, so far as determined by this test, assumed this appearance. Whenever this appearance was noted, the organisms were found to be true pneumococci. The cultures of pneumococci, giving less typical growth and more extensive decolorization of the medimn, retained the more even appearance of surface and did not become nodular. So far as we know, these cultures are true pneumo-.cocci, but, it may possibly be that they are modified Streptococcus mucosus cultures which had not previously been recognized. The Streptococcus mucosus growth, though at first prominent and moist and quite characteristic on this medium, soon practically disappears. Traces of decolorization may or may not be prominent. One culture, however, presented an appearance similar to that of the pneumococcus.
PATHOGENICITY.
This phase of study has not, as was stated earlier, been taken up with any regularity in our comparative study. Simple tests of the pathogenicity of organisms, especially such organisms as pneumococci and streptococci, usually give little information of value in classification, and even definite studies of lesions caused by such organisms are not often of diagnostic aid.
It has been generally demonstrated by all investigators that pneumococci as a class, especially when freshly isolated, are usually pathogenic, although in varying degrees, for white mice and rabbits ; while streptococci, even from severe lesions in man, may show little or no pathogenicity for mice and rabbits and other test animals. Both of these organisms, even when primarily virulent in high degree, tend to lose this character when cultivated on the usual artificial media. Any tests, therefore, to determine the pathogenicity of the organisms, when they arrived at our laboratory, would have led to little or no information of value as to the original pathogenicity of the cultures. This work was left in the hands of the investigators who made the isolations.
All that need be said here is that so far as our own cultures are concerned and so far as we can gather from the information sent to us by the workers in other places, little or no difference has been determined in the relative pathogenicity of organisms of pneumococcic type from the mouths of healthy individuals and those from persons suffering from pneumococcic infections.
If such pathogenicity for animals indicates in any way the grade of pathogenicity of organisms for man,--a supposition always open to grave doubt,--and if, especially, these organisms be found to linger in normal mouths during the summer months, the possession of virulency by organisms from healthy individuals is a matter of interest and importance in the consideration of the mouth as a nidus of these infective agents and the possible and probable ways of their preservation and dissemination.
REMARKS ON THE CLASSIFICATION OF THE ORGANISMS INVES-
TIGATED.
An attempt, at this stage of our work, to classify definitely all the organisms which have been received by us would be illadvised. Many of these have but recently come into our hands, and when not responding definitely to the tests and showing easily recognized and diagnostic characters of some one of the well-known types, our acquaintance with them has been too limited to warrant an attempt at classification. Any points, however, so far determined about their general morphology and biology, are recorded in the table.
The following tentative classification is given for purposes of reference and as an illustration of some of the types met with:
A. Inulin iermenters. It should be noted in connection with this classification of the streptococci, that it is merely in outline, and that other classifications, possibly of value, are to be arrived at from a detailed grouping by fermentation reactions. Attention was called to this subject by the writer in a previous paper. A close study of agglutination, taken in connection with the groupings suggested by fermentation reactions, will probably lead to a separation of streptococci into distinct and easily recognizable groups.
So far as the whole classification is concerned, it should again be recalled that variations of a fairly permanent or even of a transient nature in the morphology and physiology of organisms may definitely interfere with their recognition, and when classifications have to be based on such delicate biological processes as are involved in fermentations and agglutinations, only longextended and painstaking observations will lead to an eventual recognition of their true identity.
In connection with this statement and the following remarks upon statistics, it is of value to note the percentage of discrepancies between the results obtained by us from our examination of the cultures sent to the central laboratory and the results which were obtained by the various workers from their examination of these same cultures and reported to us. Out of 146 instances in which the cultures were reported as fermenting inulin, we have only been able to determine the occurrence of such fermentation in the case of :i 9 of the cultures, a difference of i8½ per cent. The results of our inulin determinations were, nearly without exception, supported by the agglutination tests --in only two instances, in fact, where inulin fermentation was reported and our tests gave negative results did the agglutination results seem to indicate the pneumococcus nature of the organisms. In both of these cultures the organisms had a distinct streptococcus morphology, and as streptococci frequently agglutinate in high dilutions of normal and heterologous sera these results are not determinative.
In only one instance did we find inulin fermentation when none was reported, and in ,this culture the morphology was perfectly typical, and typical capsules were present. Our results show in this instance, however, that no agglutination took place in pneumococcus immune serum.
This discrepancy of nearly twenty per cent., indicating as it does the differences in identifications of the same organisms when studied by different investigators, has an extremely important bearing upon the percentage of error which in the ordinary course of events must be allowed in the consideration of statistics from various sources, STATISTICAL.
Bacteria of Pneumococcus Type in Normal Mouths.--Enough
has been said in the previous part of this paper to make it clear that there occur in the mouths of healthy persons organisms that show, according to the most refined morphological and biological tests, all the characters displayed by true pneumocoeci from pathological sources. No reasonable doubt can now exist as to their true pneumococcus character.
One of the fundamental objects of the bacteriological work instituted by the Commission--the solution of the problem of the nature of these organisms--may therefore be looked upon as accomplished.
Allied to this a point of great importance has also, we think, been conclusively demonstrated, namely, other organisms are to be met with which too closely simulate pneumococci morphologically to be separated from them by the most careful morphological examination or by the usual routine cultural tests, only fermentation and agglutination tests definitely establishing their nature. The futility of attempting to base statistics on purely morphological findings and staining reactions, or even superficial culture tests, must, therefore, be obvious. At the best they are but indicative. I° Another object of the Commission, necessarily secondary to the establishing of the nature of mouth organisms, was the de-termination of the frequency of occurrence of pneumococci in the mouths of healthy individuals.
For such studies to be of definite statistical value it was obvious that series of individuals living under different environmental conditions should be examined. These were indicated as follows:
i. Normal persons, giving history of no known contact with a source of infection and no recent history of "cold," bronchitis, or pneumonia, middle ear, conjunctival, or other possible pneumococcic infection.
2. Normal persons, intimately associated with patients suffering from pneumococcic infections--i.e., pneumonia, bronchitis, etc. (nurses, doctors, hospital attendants, and non-pneumonie patients in wards with pneumonia patients).
These investigations were not to be confined to one locality, but to be carried on in other places besides New York--in particular in Philadelphia, Boston, and Chicago,--thus assuming a much more general significance, and in themselves affording a basis of comparison of frequency of occurrence in different localities. The results of this investigation by the various workers will doubtless eventually be correlated and tabulated; at present they are scattered throughout the independent reports.
Before considering the results of our own investigations along these lines, attention should be called to certain factors that may influence deductions made from such findings. Considered from the standpoint of a simple illustration of the ease of general dissemination of organisms thrown off from the bodies of diseased persons by way of the mouth and nose, the finding of pneumococci in the mouths of normal individuals may seem to have great significance. Another interpretation is, however, perfectly legitimate from such simple data; in other words, these organisms may be common and permanent inhabitants of mouths, as colon bacilli are supposed to be of the digestive tract. If such a view were substantiated, the application of protective hygienic measures might assume less importance.
There seem to be two definite ways of solving this problem.
Of these the only one open to the investigator in cities is the careful examination over extended periods of the bacterial flora of the mouth of one and the same individual. In this way the permanent flora of such a mouth may soon be determined and the appearance or disappearance o.f organisms noted with accuracy. Even varieties of organisms of the same species may be recognized, when thoroughly investigated, by some minor biological or possibly morphological peculiarity, and thus definitely distinguished from a new invader of the same species. If, then, upon the advent of such an invader pathologic changes occurred, its association with these would be fairly well established, and the entire period of its residence could be determined. The other method of solving this problem is the investigation of individuals living in localities where pneumonia does not ordinarily occur, or of individuals not coming frequently into contact with large masses of population. As a possible means of arriving at a solution of this problem, the writer has suggested the examination of the mouths of such persons as sailors arriving from long voyages by sea. ll By such methods as these the permanency of the occupation of the normal mouth by such organisms could be determined, or their definitely transient nature be shown. This will be referred to agaifl in considering the statistics of our own investigations.
Our own investigations on the bacterial flora of the mouths of normal persons was limited to a study of the saliva from twentytwo persons not known to be suffering from any form of pneumococcic infection. In the case of fifteen of these individuals only one examination was made, and this in each instance by mouse inoculation. If the mouse did not die within a reasonable time the bacteria of the local lesions were investigated. Organisms of definite pneumococcus type were isolated from seven of the fifteen persons, i.e., in 46.6 %. The saliva from the remaining seven persons was tested repeatedly, and pneumococci were demonstrated in the saliva of six out of the seven, i.e., in 85.7 %. These higher figures may be interpreted in two ways, either as representing a correction of errors due to the single application of any given method of isolating organisms, or to this in part and in part to the detection of new invaders, since the examinations were made at intervals, over several months. No matter what the actual interpretation, the prominent fact brought out is that practically every individual, at least during the winter season when exposed to environmental conditions such as those existing in New York City, acts as host, at some time or other, and probably at repeated intervals, for organisms of the most characteristic pneumococcus type. In answer to the question above proposed as to the continuous residence of such organisms as parasites of the mouths of normal persons, it may be said that it is the writer's opinion that in the majority of cases the residence of any given strain of pneumococci under such conditions is apt to be temporary rather than permanent or long continued.
Some of the reasons for such an opinion may be given: in the first place, repeated examinations carried on by all methods at short intervals may fail for a longer or shorter time to demonstrate the presence of pneumococci in the mouths of a certain percentage of normal individua!s. This, taken in connection with their practically universal occurrence, indicates that organisms of this type tend to disappear from such mouths; and furthermore, even when pneumococci are found repeatedly and constantly throughout long periods, unless the strain present has some minor peculiarity by which it may be recognized from new invaders, we cannot argue that we are not dealing with newly acquired organisms at each examination.
In the second place, unless such sensitive organisms rapidly become adapted to some more or less protected nidus in the mouth or naso-pharynx, such as the tonsillar crypts or, as it seems not unlikely to the writer, to a parasitic residence in the salivary ducts, the ordinary conditions in the mouth during the taking of foods, especially of an acid nature, and the rapid osmotic changes to which the organisms in general must be subjected when food or drink is in the mouth, seem highly unfavorable for organisms so sensitive to their environment as pneumococci undoubtedly are under observed cultural conditions. Further than this, flora already adapted may interfere with the occupation by these new forms. It seems not unlikely, therefore, that such invaders usually, unless particularly favorable conditions (temporary or permanent) for their adaptation to this new environment exist, would tend to die off after a comparatively short residence.
PNEUMOCOCCI IN THEIR RELATION TO "COLDS."
• When the repeated investigation of the flora of the same mouth was taken up, we had in view not only the determination of the normal and transient bacterial inhabitants, but also of the relation of these latter to disease processes which might manifest themselves during the period of such examinations. In most instances, so far as the histories showed, no "cold," pharyngitis, bronchitis, or pneumonia, either preceded, within a recent period, the determination of pneumococci in the mouth, or developed subsequent to the invasion of the mouth or nasopharynx by these organisms. In two instances, however, the appearance and residence of pneumococci in the mouths of persons hitherto free from them were incident with the development and course of "colds." Subsequent examinations in one case showed the early disappearance of the organisms; in the other, in which the inflammatory process had been much more severe and a purulent post-nasal discharge was developed, the organism (presumably the same) had remained in the mouth up to the last examination, about a month subsequent to the cessation of all symptoms of infection. In the purulent discharge pneumococci were present in practically pure culture and in the greatest profusion.
In each of these cases, it is interesting to note as an illustration of the value of careful study in recognizing organisms, that the mouth seemed to be the permanent habitat of organisms of general pneumococcus morphology--in one instance of a Gram-positive, capsulated, non-inulin-fermenting streptococcus morphologically not definitely to be distinguished from the pneumococcus; in the other, of a typical Streptococcus mucosus. In both cases these organisms were found upon the first examination, and persisted throughout the entire period of examination extending over months. The capsulated streptococcus rarely killed mice, but could always be isolated from the local lesion. The Streptococcus mucosus, on the other hand, was pathogenic, and found in the blood of the infected mouse; when, however, the pneumococcus invaded the mouth, the inoculated mice died of a pure pneumococcus septicaemia (so far as could be determined from smears on serum plates), while the Streptococcus mucosus could be recovered from the local lesion or from direct smears of saliva on serum-agar plates.
One other series of examinations is of interest in connection with the persistence of certain types of organisms in the mouth. In this case the mice throughout the entire period of examination invariably died from a septicmmia caused by a Gram-negative, capsulated bacillus of the Friedl~nder type. The first saliva was tested December i, I9o4, the last on April 28, i9o5,--a period of six months. No pneumococcus was ever isolated from this person, but in smear plates from the saliva on serum-agar a Gram-positive, capsulated coccus, displaying the characteristic growth appearance of Streptococcus mucosus, was observed.
These observations suggested to the writer the probability, mentioned before, of such organisms being permanent residents of the protected salivary ducts or the tonsillar crypts, or possibly being accounted for by their connection with slight suppurative processes of the teeth and gums.
SUMMARY AND CONCLUSIONS.
The work carried on under the auspices of the Medical Commission for the Investigation of Acute Respiratory Diseases, at the Bacteriological Laboratory of the College of Physicians and Surgeons, Columbia University, has consisted principally of a comparative study of the morphology, growth characters, fermentative activities, and agglutination reactions of pneumococci and allied organisms isolated by ourselves and the various workers under the Commission.
These organisms were from two chief sources: (a) from the mouth and naso-pharynx of supposedly normal persons and persons suffering from minor inflammations of the naso-pharynx, and (b) from definitely pathologic sources, such as pneumonic sputum, pneumonic lungs, empya~ma, the circulating blood of pneumonia patients, septicmmias, meningitis, and various minor lesions, usually due to infection with pneumococci. One of the principal objects of the study was to make a careful comparison, in the light of the most recent knowledge of the biology of the pneumococcus and by the aid of the latest biological and technical methods, of the series of organisms from these two sources, and thus to determine definitely the true nature of pneumococcus-like organisms occurring in the mouths of normal persons.
The second and equally important object, ultimately dependent, however, upon the solution of the first, was the determination of the frequency of occurrence of typical pneumococci in the mouths of healthy individuals.
The investigations detailed in the present paper have dealt chiefly with the first problem and incidentally with the second, and lead to the following conclusions:
(a) That organisms, not to be distinguished by morphological characters or by any physiological peculiarities from true pneumococci derived from pathologic sources, occur with frequency in the mouths of healthy persons and those suffering from slight inflammations of the naso pharynx, and that the only permissible and legitimate conclusion is that these organisms are true pneumococci.
(b) That there are other organisms in normal mouths and from pathologic sources that morphologically or by staining reactions are not definitely to be distinguished from pneumococci, and can only be recognized by a careful study of their fermentative activities and agglutination reactions. These organisms are non-inulin fermenters.
(c) That the organism known as Streptococcus mueosus is at times found in cultivations from the mouths of apparently healthy individuals, and that, although it shows certain peculiarities distinguishing it from the typical pneumococeus, it is probably very closely related to, and a variety of, this species.
(d) That other organisms occur which in their fermentations are indistinguishable from pneumococci, but which either morphologically or in agglutination reactions show a variation from this type. Some of these are probably temporarily or permanently modified pneumococci or Streptococcus mucosus; others, it may be, are streptococci of types which it has not heretofore been' possible to recognize and describe. Some of these organisms were isolated from pneumonic lungs at autopsy, or from some internal source such as the circulating blood, and presumably have long resided under conditions which may be considered adverse, thus bringing about a modification of their morphology or physiology. This is supported by the observation that pneumococci from such sources--perfectly typical morphologically and in fermentative activities--are apt to show a lessening of their ability to agglutinate.
In connection with the other problem, the frequency of occurrence of true pneumococci in the mouth of healthy persons, our own investigations, limited to the study of the mouths of twenty-two individuals, have given the following:
In a series of fifteen person~ from each of whom one specimen of saliva only was examined, typical pneumococci were found in seven out of the fifteen specimens, i.e., 46.6 %. In the case of the remaining seven individuals of our series, repeated tests, extending over weeks and months, were made, and the pneumococcus was demonstrated upon one or more occasions in the saliva of six out of the seven, i.e., 85. 7 %.
It seems, therefore, more than probable that practically every individual, at least during the winter season, when exposed to environmental conditions such as those existing in New York City, acts as the host at some time or other, and probably at repeated intervals, of organisms of the true pneumococcus type.
None of the supposedly normal individuals examined by us had had a recognized pneumococcus infection or "cold" within a recent time, nor, with two well-marked exceptions, did any symptoms of infection develop in those whose mouths were found to contain pneumococci.
These two exceptions, detailed in an earlier section, strongly suggest the etiological relations of pneumococci to some, at least, of the "common colds."
In conclusion, it is a pleasure to thank the various investiga- The table contains a list of the organisms examined, and an outline record of the results of the morphological examinations and of the principal fermentation and agglutination tests. Where two descriptions occur under the same heading, as in the morphology and inulin fermentation columns, the first description is the one reported to us, the second is the result of our own tests.
The sera used for the agglutination tests were obtained from immunized rabbits. The agglutination tests, recorded in the pneumococcus immune serum column, were not all made in the same serum. The letter preceding the numerals indicates the special serum in which the test was made. The agglutination of the homologous organisms in these were as follows: a--4oo-8oo; b--4oo-8oo ; c--2oo-8oo ; d--2oo-4oo.
The results given in the column should not, therefore, be compared with each other, except when preceded by the same letter, but with the agglutination of the homologous organism.
The other agglutination tests were made in sera from Streptococcus pyogenes and Streptococcus mucosus immune rabbits, and in the case of sera "S. 7 " and "CD No. 3" from rabbits immunized against organisms which fermented inulin but were atypical morphologically and did not agglutinate to an appreciable degree in pneumococcus immune sera. The P. & S. "8" serum was from a rabbit immunized against P. & S. culture "8," which is a non-inulin-fermenting capsulated streptococcus.
When two numbers are used to record the results of an agglutination test, the first indicates the highest dilution of the serum in which a complete precipitation of the agglutinated organisms occurred, and the second the highest reading with a hand lens.
All agglutination tests were made in small test-tubes by the macroscopic method, and careful comparisons were always made with the normal rabbitserum and salt-solution controls. 
